Necrotizing hepatopancreatitis (NHP) is a disease of farm-raised Pacific white shrimp ( Penaeus vannamei) caused by a pleomorphic intracellular bacterium. A DNA probe that is specific for the etiologic agent of necrotizing hepatopancreatitis was devised and tested in an in situ hybridization assay. A procedure was developed for labeling a single-stranded DNA probe with digoxigenin by the polymerase chain reaction. The DNA probe encompasses the V1 and V2 variable regions of the 1 6S ribosomal RNA (rRNA) gene and is designed to hybridize to complementary sequences of the 1 6S rRNA of the NHP bacterium. The probe was tested on fixed, paraffin-embedded specimens, and an intense, specific hybridization signal was localized to the cytoplasm of hepatopancreatic epithelial cells that were infected with the NHP bacterium, as demonstrated by serial sections stained with hematoxylin and eosin or the S teiner and S teiner method. Negative results were obtained from normal shrimp and from shrimp infected with Vibrio spp. The specificity of the probe was confirmed using either mammalian or avian tissues infected with other intracellular bacteria, including Ehrlichia canis, S almonella enteritidis, B rucella abortus, and Chlymidia spp., and using another species of shrimp ( P . monodon) infected with a different rickettisa-like intracellular bacterium.
Necrotizing hepatopancreatitis (NHP) is a severe disease of farm-raised Pacific white shrimp (Penaeus vannamei) that limits shrimp production in the Americas. The etiology of NHP is a gram-negative, pleomorphic rickettsia-like intracellular bacterium. S equence analysis of cloned 1 6S ribosomal DNA indicates that the NHP bacterium is a member of the -subclass of the Proteobacteria, a group that includes many intracellular bacterial pathogens and most of the rickettsiae. 1 8 The clinical signs of NHP are nonspecific and include lethargy and weakness, atrophy of the tail musculature, anorexia, and a softened exoskeleton. Presently, the diagnosis of NHP is based upon microscopic examination of suspect shrimp, with the identification of characteristic histologic lesions associated with intracellular gram-negative bacteria. However, a diagnosis of NHP based on histologic morphology does not provide an accurate method for early recognition of infected animals. Alternatively, the NHP-associated bacterium may be detected by the amplification of specific segments of the 1 6S ribosome gene (rDNA) using the polymerase chain reaction (PCR). 1 9 The PCR assay could offer a sensitive indicator of early infection; however, the detection of infectious agents by PCR is limited by the absence of morphologic information regarding the extent of infection and the severity of associated lesions in infected animals.
Recent advancements in molecular biology and refinement of techniques used in nucleic acid hybridization has enabled the development of nucleic acid probes for the detection of microorganisms in clinical samples and environmental specimens. 5,1 4,1 5,2 0,2 1 ,2 3 In situ hybridization is a technique that provides sensitive and specific detection of nucleic acid sequences within cells or tissues that can be used to localize bacteria within a lesion. Complementary nucleic acid probes directed against variable regions within the 1 6S ribosomal RNA (rRNA) sequence have been used for specific identification of individual bacteria by in situ hybridization 7,8,1 3,2 2 The first-generation nucleic acid probes were labeled with radioisotopes and thus had some inherent shortcomings. Radiolabeled probes deteriorate rapidly, which necessitates frequent labeling procedures and can make standardization of the probe signal difficult. Also, the techniques for in situ hybridization using radiolabeled probes are often laborious, with lengthy protocols, and working with radioisotopes represents a potential health hazard to laboratory personnel. 23 The problems associated with radiolabeled probes have fostered the search for alternative detection schemes. Whole-cell hybridization targeting the 1 6S rRNA using oligonucleotide probes coupled to a fluorescent moiety have been used for specific identification of individual bacteria. The sensitivity of these direct techniques are dependent upon the natural amplification of the 1 6S rRNA in rapidly growing bacteria. 22 Often the bacteria are grown in culture and harvested during the logarithmic growth phase to max-imize the hybridization signal. 1 ,2 For this reason, the direct technique may be unsuitable for in situ hybridization in fixed tissues or for the detection of uncultured bacteria. Florescent microscopy requires specialized equipment, and autofluorescence of some tissues (including structures in shrimp tissue) can make interpretation of the hybridization signal from fluorescent probes difficult. Additional sensitivity can be achieved by using an indirect strategy whereby probes are linked to reporter molecules, such as biotin or digoxigenin. Enzymes, fluorescent dyes, or colloidal gold coupled to an antibody that is directed towards the reporter molecule is then used to detect stable hybrids. The indirect detection schemes have achieved a sensitivity that approaches that of radiolabeled probes. 1 3 We describe here an in situ hybridization assay for NHP using a DNA probe that is designed to hybridize to the 1 6S rRNA of the NHP bacterium. The DNA probe is labeled with digoxigenin by PCR, and an indirect detection protocol is utilized to increase the sensitivity of the procedure. When used in an in situ hybridization assay, the DNA probe markedly increases the sensitivity of NHP detection as compared with that of conventional histologic stains. The DNA probe also confers specificity by hybridizing to a highly variable region of the 1 6S rRNA of the NHP bacterium. The specificity of the probe was confirmed using tissues infected with other intracellular bacteria, including Ehrlichia canis, Brucella abortus, S almonella enteritidis, Chlymidia spp., and another rickettsia-like agent, which infects P. monodon. In addition, negative results were obtained when the probe was tested using tissues of shrimp infected with Vibrio spp., a common bacterial pathogen of shrimp.
Materials and methods
Extraction of template DNA from NHP bacterium. The DNA probe was labeled by incorporation of digoxigenin-dUTP (Dig-UTP a ) during PCR amplification of a DNA extract derived from the NHP bacterium. The NHP bacterium was isolated from the hepatopancreas of naturally infected P. vannamei and purified by density gradient ultracentrifugation as previously described. 1 0 Hepatopancreata from 8-1 0 shrimp were macerated and centrifuged at 2 00 x g for 8 min in a Tris-sucrose buffer (pH 7.4) containing 0.03 3 M Tris HCl and 0.2 5 M sucrose to remove tissue debris. The supernatant was removed and layered on Percoll at a final concentration of 40% and centrifuged at 2 5,000 x g for 60 min. A band containing the NHP bacterium formed at the interface of the Percoll and was harvested and frozen in aliquots at 70 C. S mears of the harvested band were stained with Gram s stain and examined by light microscopy to confirm the presence of the NHP bacterium. To extract the DNA from the purified sample of the NHP bacterium, a 2 5-mg sample was suspended in 2 50 l of digestion buffer (50 mM Tris, 2 0 mM ethylenediaminetetraacetic acid [EDTA] , 0.5% sodium dodecyl sulfate [S DS ] [pH 8.5] ) in a 0.5 ml Eppendorf tube. Following the addition of 1 50 g of proteinase K, the reactants were incubated at 60 C for 2 hr with periodic vortexing, followed by heat inactivation of proteinase K at 95 C for 1 0 min. The tubes were then microcentrifuged for 3 min at 1 3 ,000 RPM, and 75 l of the supernatant was applied on a CHROMA S PIN TE-1 00 b column and centrifuged in a horizontal rotor according to the manufacturer s protocol. The solution collected by centrifugation was diluted 1 :1 00 in distilled water c prior to being used in the PCR assay.
PCR. Two oligonucleotide primers that recognize variable regions of the 1 6S rDNA of the NHP bacterium and define a 2 09-base pair (bp) segment were used in the PCR labeling reaction. The sequence for the PCR primers was derived from the 1 6S rDNA of the NHP bacterium that was amplified, cloned, and sequenced. 1 8 The PCR primers were designed using a computer software program d and manufactured by Advanced DNA Technologies. e The sequence of the forward primer (f2 7) is 5'-ACATGCAAGTCGAACGCAA-TAGG, and the sequence of the reverse primer (r2 3 5) is 5'-ACAGATCATAGGCTTGGTAGGCTG. A 2 -step PCR procedure was used for labeling the probe with Dig-UTP. The thermal amplification profile, salt (MgCl and KCl) concentration, and buffer concentration were identical for both PCR amplifications. The concentration of the PCR primers and the concentration of the deoxynucleotide triphosphate bases (dNTPs) were varied to accommodate the digoxigeninconjugated nucleotide in the second PCR amplification. In both instances, PCR was performed in a total volume of 50 l. The first PCR assay consisted of amplification of DNA extracted from the purified bacterial sample to obtain a defined PCR product. In this assay, the reactants consisted of 1 0 mM Tris HCl (pH 8.3 ), 50 mM KCl, 1 .5 mM MgCl, 2 00 mM of each dNTP (dGTP, dATP, dTTP, dCTP) , 0.5 M of the forward and the paired reverse primer, 0.03 -0.3 g template DNA (2 .5 l of the column-purified DNA previously diluted in distilled water 1 :1 00 or 1 :1 ,000), and 1 .2 5 U of Amplitaq DNA polymerase. f The PCR product from the first reaction was purified by agarose gel electrophoresis and recovered from the gel matrix using a DNA extraction kit according to the manufacturer s specifications. g This purified PCR product then served as template DNA for the second PCR amplification. In this labeling reaction, the concentrations of dNTPs were altered: 2 00 M of dATP, dCTP, and dGTP, 1 3 0 M of dTTP, and 70 M of Dig-UTP. The concentration of the f2 7 primer was altered in 3 separate PCR cycles to accommodate symmetric and asymmetric PCR or eliminated from the labeling reaction during single-primer replication. For symmetric PCR, the f2 7 and the paired reverse (r2 3 5) primer were both included in the reaction mixture at a final concentration of 0.5 M. For asymmetric PCR, the limiting f2 7 primer was included in the reaction mixture at a final concentration of 5. nM and the r2 3 5 primer was included in the reaction mixture at a final concentration of 0.5 M. For single-primer replication, the f2 7 primer was excluded from the reaction mixture and the r2 3 5 primer was included in the reaction mixture at a final concentration of 5.0 M. In all PCR amplifications, the reactants were combined in thin-walled 0.5-ml Eppendorf tubes h and placed in a PTC-1 00 programmable thermocycler equipped with a heated lid. i The amplification profile consisted of 3 5 cycles of 45 sec at 92 C, 45 sec at 52 C, and 90 sec at 72 C with an additional 5 min at 72 C following the final cycle. Following the termination of the final cycle, 1 .2 5 U of Amplitaq DNA was added to the unilateral PCR vessel and an additional 3 5 cycles of the above amplification profile was performed. Following the labeling reaction, the labeled probe was precipitated to remove unincorporated nucleotides. Fifty micrograms of glycogen, 0.1 volume of 4 M LiCl, and 3 volumes of chilled ethanol were combined with the 50 l PCR product containing the labeled probe. The reactants were mixed and incubated at -70 C for 3 0 min and then thawed briefly at room temperature and centrifuged for 1 5 min at 1 3 ,000 RPM. The ethanol was then removed and the pellet containing the labeled probe was washed with 70% ethanol and dried. Once dry, the pellet was resuspended in 50 l of TE/S DS buffer (1 0 mM Tris HCl, 1 mM EDTA [pH 7.5] with 1 % S DS ). PCR products (native PCR product and labeled probe) were electrophoresed in 2 % agarose in Trisacetate-EDTA buffer containing 1 mg/ml ethidium bromide. The amplified DNA was visualized under ultraviolet light, and the size of the PCR product was estimated by comparison to a 1 2 3 -bp standard. c Following electrophoresis, the agarose gel was submerged in denaturing solution (0.5 N NaOH, 1 .5 M NaCl) for 60 min at room temperature then transferred to neutralization solution (1 .0 M Tris HC1 [pH 8.0], 1 .5 M NaCl) and incubated for 60 min at room temperature. The DNA was then transferred to positively charged nylon membranes a by S outhern blotting using downward capillary transfer. 3 ,6 The labeled probe was then fixed to the nylon membrane by baking at 80 C for 60 min, and bands were visualized by calorimetric detection according to the manufacturer s recommended protocol. a In situ hybridization. For in situ hybridization, the sections were deparaffinized by heating at 60 C for 3 0 min followed by immersion in Hemo-De j for a total of 1 5 min, with 3 changes. The slides were rehydrated by immersion for 1 min in graded ethanols (absolute, 95%, 75%, 50%) and finally distilled water then immersed for 5 min in room temperature phosphate-buffered saline (PB S ; 0.1 3 7 M NaCl, 0.002 7 M KCl 0.0043 M NaHP04•7 H 2 O, 0.001 4 M KH 2 PO 4 [pH 7.3 ]). Each slide was then treated with 2 00 l of proteinase K (1 00 g/ml), a cover slip was applied, and the slides were then incubated for 1 5 min at 3 7 C in a humid chamber. The cover slips were then removed, and the proteinase K was deactivated by immersion in 0.2 % glycine in PBS for 1 0 min at room temperature. The slides were then fixed in 0.4% paraformaldehyde at room temperature for 1 0 min, followed by immersion in distilled water for 5 min at room temperature. The digoxigenin-labeled DNA probe was diluted to approximately 1 0 ng • ml-1 in hybridization buffer (50% formamide, 0.02 % Ficoll, 0.02 % polyvinylpyrrolidone, 0.02 % bovine serum albumin, 5% dextran sulfate, 4 x S tandard saline citrate [S S C] 0.5 mg•ml-1 denatured salmon sperm), denatured by heating in a boiling water bath for 1 0 min, and quenched on ice. Each slide was then treated with 60 l of the probe solution, overlaid with a cover slip, and incubated overnight at 45 C in a humid chamber. After hybridization, the following washes were performed: 2 x S S C (2 washes, 5 min at room temperature), 1 x S S C (2 washes, 5 min at room temperature), 0.5 x S S C (1 5 min at 45 C), and 0.5 x S S C (5 min at room temperature). The slides were incubated for 5 min at room temperature in buffer I (0.1 M Tris HCl, 0.1 5 M NaCl [pH 7.5]) , then incubated at room temperature in buffer I containing 0.5% blocking reagent. a Alkaline phosphatase-labeled sheep antidigoxigenin antibody conjugate was diluted 1 :500 in buffer I containing 0.5% blocking reagent, and 1 00 l of this solution was then applied to each slide. The slides were then overlaid with a cover slip and incubated in a humid chamber at room temperature for 30 min. The following washes were then performed: Buffer I (2 washes, 5 min, at room temperature) and buffer III (0.1 M Tris HCl, 0.1 M NaCl, 0.05 M MgC1 , [pH 9.5] ; 5 minutes at room temperature). A calorimetric detection solution was prepared by adding 2 .4 mg levamisole to 1 0 ml buffer III, followed by adding 45 l of nitroblue tetrazolium a and 3 5 l of 5-bromo-4-chloro-3 -indoyl phosphate. a Five hundred microliters of the detection solution was added to the slides, which were then incubated at room temperature in a dark humid chamber. Following incubation, the reaction was stopped by washing in buffer IV (0.01 M Tris HCl, 0.001 M EDTA [pH 8.0]) for 5 min at room temperature. The slides were then counterstained by immersion for 5 sec in 0.5% aqueous bismark brown. The slides were rinsed in distilled H 2 O and dehydrated in graded alcohol solutions (75%, 95%, absolute ethanol), ending with 3 washes in Hemo-De. Permountfi mounting medium j was applied to the slides, which were then overlaid by a glass cover slip. The slides were examined by light microscopy for the presence and location of a dark blue precipitate, which forms where the DNA probe hybridizes to complementary regions of the 1 6S rRNA of the NHP bacterium.
Results
Probe sequence and PCR labeling reaction. The PCR primers (f2 7 and r2 3 5) define a 2 09-bp PCR product and are designed to amplify the 5' end of the 1 6S rDNA of the NHP bacterium. The 2 09-bp PCR product encompasses 2 variable regions, V1 and V2 , which imparts the specificity of the probe. In Fig. 1 , the sequence of the DNA probe is compared with the 1 6S rDNA of Ehrlichia canis. The Dig-labeled DNA probe for the NHP bacterium is produced using a 2 step PCR protocol. In the 1 st step, the template DNA was extracted from a Percoll-purified sample of the NHP bacterium, and this PCR assay was used to obtain a defined template for the subsequent labeling reaction. In the labeling reaction, Dig-UTP was incorporated into the PCR product. When compared with the native PCR product, the labeled probe generated by symmetric and asymmetric PCR formed discrete bands that demonstrated a regressed migration in the gel matrix due to incorporation of Dig-UTP during the labeling reaction (Fig. 2 ) . The labeled probe that was generated by singleprimer replication demonstrated a regressed migration in the gel matrix in the form of a wide hour-glassshaped smear with 2 discrete bands near the origin.
The S outhern blot of the agarose gel and subsequent calorimetric detection of the DNA confirmed the incorporation of Dig-UTP in the labeling reaction (Fig.  2) .
In situ hybridization. The in situ hybridization assay was used to detect the NHP bacterium in shrimp obtained from various shrimp producers in North, Central, and S outh America. Using the in situ hybridization assay, the DNA probe was applied to the following samples: the hepatopancreas from more than 50 shrimp confirmed by histology to have acute NHP; the hepatopancreas (or the cephalothorax of specimens including the hepatopancreas) from 1 0 different P. vannamei specimens exhibiting chronic NHP, with severity of infection varying from moderate to severe; the hepatopancreas and/or cephalothorax of 2 0 normal P. vannamei; the cephalothorax from 2 P. monodon specimens infected with a different rickettsia-like bacterium; the cephalothorax of a P. vannamei specimen with generalized vibriosis; the lung and spleen of a dog experimentally infected with Ehrlichia canis; the liver of a bird infected with Chlamydia spp.; the spleen and lymph node of a bovine fetus infected with B rucella abortus; and the cecum and colon of broiler chick infected with S almonella enteritidis. The DNA probe demonstrated a positive hybridization signal that was limited to the hepatopancreas of shrimp obtained from North, Central, or S outh America that had microscopic lesions of NHP. The DNA probe failed to hybridize with any of the other specimens. In the acute infection, 2 0 9 b p B I Figure 2 . PCR-based incorporation of digoxigenin into the 2 09bp DNA probe. A. Lane 1 shows the 2 09-bp PCR product. In lanes  2 , 3, and 4 2 , 3 , and 4 are visualized by colorimetric detection. MW = 1 2 3 -bp DNA ladder. a positive hybridization signal emanated from the cytoplasm of multiple epithelial cells in widely scattered tubules. The DNA probe detected the presence of the bacterium prior to the onset of histologic evidence of tubular epithelial necrosis, and the positive signal occurred in areas where minimal inflammation was present, as indicated by few to rare aggregates of hemocytes in the interstitium of the hepatopancreas. The DNA probe was compared with sequential sections from the same block of tissue that were stained by hematoxylin and eosin (Fig. 3 A) or the S tiener and S tiener method, a silver-based preparation that stains bacteria and fungi brown to black against a tan-yellow background. 1 2 Using the DNA probe, a strong positive hybridization signal was localized to the same tubules that were demonstrated to be infected with the intracellular NHP bacterium by using the S tiener and S tiener method (Fig. 3 B) .
, digoxigenin-UTP was incorporated in the DNA probe by asymmetric PCR (lane 2 ), symmetric PCR (lane 3 ), and single primer replication. B . S outhern blot of the gel in panel A. The digoxigenin-labeled probes in lanes
As an additional control, sections containing the hepatopancreas from up to 5 different shrimp were tested on the same slide. These slides contained samples from uninfected shrimp and from shrimp with various infection levels and severity of NHP. When these specimens were examined by in situ hybridization, a positive hybridization signal was obtained from the infected specimens but not from uninfected material. Furthermore, the positive hybridization signal was localized within the same tubules in successive hybridization reactions, and the positive hybridization signal emanated from the same tubules that were demonstrated to be infected with the NHP bacterium using serial sections stained with the S teiner and S teiner method. The DNA probe also demonstrated a positive hybridization signal in the hepatopancreas of animals with chronic lesions of NHP. In all cases, the positive hybridization signal was localized in the cytoplasm of epithelial cells in hepatopancreatic tubules. In some severely infected animals, all of the epithelial cells in most tubules emit an intense signal that obscures the nucleus of the affected cell (Fig. 4) . In chronic NHP, hepatopancreatic tubules are often effaced by dense aggregates of inflammatory cells that circumferentially surround effete tubules. When the DNA probe was applied to these specimens, the hybridization signal was localized in the tubular epithelial cells and was not detected within the cytoplasm of the infiltrating hemocytes (Fig. 5) .
Discussion
This study demonstrated the application of a DNA probe for the specific detection of the NHP bacterium in Davidson s fixed, paraffin-embedded tissue specimens by in situ hybridization. The DNA probe was prepared using a 2 -step PCR-based labeling reaction that incorporated the steroid hapten, digoxigenin, into the PCR product. This PCR-based labeling technique is capable of rapid production of vector-free labeled probes that can be stored for extended periods. 1 7 Using this technique, a single 50-l PCR labeling reaction can produce sufficient labeled probe to examine over 400 slides by in situ hybridization. The 1 st PCR step serves to amplify the 1 6S rDNA of the NHP bacterium and provides a specific DNA segment that serves as a template for the labeling reaction. The labeling reaction forms run-off DNA replication segments that incorporate digoxigenin by periodically substituting thymine triphosphate with uracil triphosphate that is linked to digoxigenin (Dig-UTP). In the in situ hybridization assay, stable hybrids that are formed between the digoxigenin-labeled DNA probe and the target nucleic acid were detected using an enzyme linked immunoassay. In this immunoassay, sheep antidigoxigenin antibodies conjugated to alkaline phosphatase were used to detect stable hybrids, which were subsequently visualized by a calorimetric reaction that produces an insoluble blue precipitate. This indirect detection scheme enhances the sensitivity of the in situ hybridization assay. 1 7 The sensitivity of the assay is further enhanced by hybridizing to the 1 6S rRNA, which is naturally amplified in replicating bacteria. 1 ,2,22 Furthermore, abundant target nucleic acid is present in NHP-infected shrimp because the intracellular bacterium is often present in high numbers in the cytoplasm of infected hepatopancreatic tubular epithelial cells. 1 2,1 6 S ymmetric and asymmetric PCR, as well as, singleprimer replication were used in the labeling reaction and were subsequently tested in the in situ hybridization assay. Figure 2 shows the electrophoresis of the labeled probes. When compared with the native PCR product, the double-stranded labeled probes form a discrete band that exhibits a regressed migration in the gel matrix due to incorporation of Dig-UTP during the labeling reaction. The single stranded probe (lane 4) formed a wide hour-glass-shaped smear with 2 indistinct bands near the origin. S teric hindrance due to random incorporation of Dig-UTP during the labeling reaction most likely affects the secondary structure of the single-stranded probe, thus preventing the formation of a dominant DNA band. Of the 3 labeling techniques that were tested, single-stranded DNA that was formed by unilaterally including the r2 3 5 primer provided the best results in the in situ hybridization assay. The single-stranded product formed in this reaction was available to hybridize to the 1 6S rRNA without the competitive reaction of DNA renaturation that would be expected to occur in double-stranded DNA probes. 1 7 The 1 6S rRNA molecule has conserved areas that are shared by many bacteria and variable regions that are unique to a given genus or species of bacteria. Because of the presence of conserved areas, a DNA probe that is specific for a given organism should encompass the variable regions. Furthermore, a high annealing temperature or high-stringency washes may be needed to prevent the probe from cross-reacting with dissimilar bacteria. The DNA probe used in the in situ hybridization assay is 2 09 ba in length and encompass the V1 and V2 variable regions of the 1 6S rRNA of the NHP bacterium. This sequence is apparently unique to the NHP bacterium, which imparts the specificity of the in situ hybridization assay. The DNA probe was tested by in situ hybridization on multiple specimens, including samples from animals with both acute and chronic NHP infections. This assay demonstrated a positive hybridization signal in all of the NHP-infected shrimp that were tested, which included animals obtained from North, Central, and S outh America. The specificity of the DNA probe was documented using tissues that were infected with other gram-negative intracellular bacteria, including Proteobacteria that are closely related to the NHP bacterium (Ehrlichia canis, B rucella abortus ), another unclassified rickettsia-like bacterium that infects the hepatopancreas of a different species of shrimp (P. monodon), and other gram-neg-ative intracellular pathogens that commonly infect domestic livestock (S almonella enteritidis, Chlymidia spp). Negative results were obtained when the DNA probe was tested in all tissues infected with these gramnegative intracellular bacterial pathogens. In addition, negative results were obtained from uninfected P. vannamei and P. vannamei infected with a common shrimp pathogen, Vibrio spp.
The in situ hybridization assay results was also compared with data from serial sections stained with hematoxylin and eosin or the S teiner and S teiner method. In the acute infection, the histologic lesions of NHP are subtle and nonspecific and can easily be overlooked when using conventionally stained sections. The acute stage of NHP is characterized by a mild, generalized decrease in lipid and digestion vacuoles in the epithelial cells of the hepatopancreas. Infected hepatopancreatocytes are often hypertrophic, exhibiting an enlarged cytoplasmic profile with abundant, finely granular basophilic cytoplasm, and the interstitium of the hepatopancreas contains few hemocytic inflammatory cells. 1 2 The NHP bacterium can be visualized in histologic sections using the S teiner and S teiner method, a silver-based preparation that stains bacteria and fungi brown to black against a tan-yellow background. 1 2 However, the S teiner and S teiner method provides poor contrast between the NHP bacterium and the hepatopancreas, making early detection of the bacterium difficult. In the in situ hybridization assay, the positive hybridization signal is dark blue, which is contrasted with the tan color of the tissue counterstain, bismark brown. Thus, infected epithelial cells are readily identified, even at low magnification. Furthermore, the positive hybridization signal was localized in the cytoplasm of the same epithelial cells in the hepatopancreas that contained the bacterium, as demonstrated by the S teiner and S teiner method. Although the DNA probe did identify epithelial cells that were infected with the NHP bacterium, it did not permit detailed morphologic assessment of the bacteria. This in situ hybridization assay provides specific detection of the NHP bacterium in Davidson s fixed tissues and can be used as an alternative diagnostic assay for NHP. Using this in situ hybridization assay, the NHP bacterium was detected in the shrimp tissue prior to the onset of epithelial cell necrosis when there was minimal histologic evidence of an inflammatory cell response. The early recognition of infected epithelial cells and a prompt diagnosis of NHP is important because early intervention is critical to successful antibiotic treatment of NHP. 3,9,1 1 The in situ hybridization assay for NHP also uses a rapid and simple protocol that provides a permanent record of results and does not require specialized microscopy equipment. This in situ hybridization assay is presently being ap-plied to a pathogenesis study and may be useful in environmental studies to determine the host range o f 9. the NHP bacterium. 1 0. 1 2. 1 .
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